Building the soil immune system: do cover crops increase soil health and resistance to climate change? by McDaniel, Marshall
Leopold Center Completed Grant Reports Leopold Center for Sustainable Agriculture 
2018 
Building the soil immune system: do cover crops increase soil 
health and resistance to climate change? 
Marshall McDaniel 
Iowa State University, marsh@iastate.edu 
Follow this and additional works at: https://lib.dr.iastate.edu/leopold_grantreports 
Recommended Citation 
McDaniel, Marshall, "Building the soil immune system: do cover crops increase soil health and resistance 
to climate change?" (2018). Leopold Center Completed Grant Reports. 552. 
https://lib.dr.iastate.edu/leopold_grantreports/552 
This Article is brought to you for free and open access by the Leopold Center for Sustainable Agriculture at Iowa 
State University Digital Repository. It has been accepted for inclusion in Leopold Center Completed Grant Reports 
by an authorized administrator of Iowa State University Digital Repository. For more information, please contact 
digirep@iastate.edu. 
Building the soil immune system: do cover crops increase soil health and 
resistance to climate change? 
Abstract 
The project examined the impact of cover crops on soil health, and evaluated the use of decomposition of 
household items (tea bags, cotton, and birch sticks) as alternative measures of more expensive soil 
health measurements. As a measurement of soil health, commercially available green and red tea bags 
were used to create soil decomposition indices for nine Iowa farms with and without replicated cover 
crop strips. 
This article is available at Iowa State University Digital Repository: https://lib.dr.iastate.edu/leopold_grantreports/552 
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 We examined the impact of cover crops on soil health, and evaluated the use of 
decomposition of household items (tea bags, cotton, and birch sticks) as alternative measures of 
more expensive soil health measurements.  Cover crops do improve some soil health indicators, 
but effects were limited and the number of years of cover crop practice did not make much of a 
difference in improving soil health.  Decomposing household items showed some promise as an 
inexpensive, scientifically robust indicator of soil health. 
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Figure 1. Featured findings from the study.  Left four panels: The extent of decomposition (% mass loss) correlated with soil 
microbial biomass carbon (a traditional soil health indicator) from several experiments comparing cover crop vs. no cover crop, 
no-till vs. tilled, and diversified vs. conventional rotation.  Decomposing these items in the field are a good proxy for microbial 
biomass C across all these soil types and management.  Right panel: Change in decomposition index with % change in yield 
caused by cover crop.  This illustrates yield is linked to soil health as measured with tea decomposition. 
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2017 Study on Using Decomposition of Tea as an Indicator of Soil 
Health  
Teresa Middleton, Marshall McDaniel, Stefan Gailans, Sarah Carlson 
 
Introduction 
With the growing interest in soil health, it is important to develop a reliable yet inexpensive indicator of 
soil health but especially biological aspects. Our aim was to create a decomposition index that farmers 
could use without the high cost and inconvenience of sending a sample to a soil analysis lab.  Using 
commercially-available Lipton tea bags as a standard substance for decomposition analysis allows for an 
inexpensive, easily-available substrate.   
Previous research showed that soils under different diverse crop rotations differ in their ability to 
decompose the low-quality, or high carbon-to-nitrogen (C:N), residues.  We expand on this idea by 
creating a decomposition index from the decomposition of a high-quality, low C:N tea (green tea, C:N=12) 
and a low-quality, high C:N tea (Rooibos or red tea, C:N = 43).   We predict soils should be able to 
decompose the green tea at roughly the same level because there is little limiting the decomposition.  
However, we expect that a healthier soil will be able to decompose more of the low-quality red tea.  So, 
the green tea acts as our baseline, and will fluctuate with differences in temperature, weather, etc.  The 
Soil Decomposition Index is calculated as the amount of low-quality, red tea decomposed compared to 
that of the green tea – the closer to 1, the more healthy the soil. 
 
Methods 
We had two sets of studies from 2017: 
1) Farmers with strip trials of cover crop and no cover crop. 
2) Farmers willing to bury tea on their soils regardless of strip trials. 
Here we present the findings from Study 1, and your individual farm results.  The individual farm results 
cover both farmers in Study 1 (cover/no-cover strip trials) and also farmers participating in Study 2. 
For both studies farmers buried 6 pairs of green and rooibos tea in each treatment (e.g. cover/ no 
cover).  See our TB Protocol for more information on the burial method (can obtain from Teresa or PFI).  
One of each tea type was retrieved at 4, 7, 14, 30, 68, and 130 days after burial.  Percent mass lost was 
calculated for each bag by comparing its pre-burial weight to its dried retrieval weight.  From these 
values, a decomposition curve was constructed for both types of tea in each plot (see figures below).  Soil 
temperature and moisture measurements (about 3”) were also taken from farms in Study 1. 
Results – 1) All Participating Cover Crop vs. No Cover Crop Farms 
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Figure 1 – Changes in soil temperature (top panels) and moisture (bottom panels) due to cover crop.  
Percent change is calculated as [(CoverCrop – NoCover)/ No Cover].  Take-home Message: Soil 
temperature is not affected by cover crops throughout the entire growing season.  Soil moisture is 
sometimes higher in cover crops, overall a slight 3% increase. 
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Figure 2 – Yield shown from farms that had strip trials.  Corn yield (top panels) and Soybean yield 
(bottom panels). Percent change in yield is calculated as [(CoverCrop – NoCover)/ No Cover].    Take 
home message:  Slight overall yield drag from cover crop in corn, 1-2% (or -3 bu/ac), but a yield 
boost in soybeans of 7 % (or +4 bu/ac, average driven mostly by Farm I). 
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Figure 3. The Soil Decomposition Index (SDI) from day 68 after burying tea bags.  SDI is calculated by 
subtracting the % decomposition of the red tea divided by % decomposition of the green tea.  The closer 
to 1, the more healthy the soil.  Shown are the nine Practical Farmers of Iowa farms that had strip trials of 
cover crops (A-I), and average SDI across the 9 farms (on the right).  The decomposition index ranged 
from 0.26 to 0.48.  Take home message:  There is a lot of variability, but the cover crop seems to 
improve the SDI by 11%.  Interestingly, it did not seem to matter how long cover crops have been 
in place – whether 1 year or 15.    
 
 
 
 
 
 
Results – Your Farm (either Study 1 or 2) 
 
Figure 4. The tea decomposition curves and Soil Decomposition Index (SDI) from day 68 after burying tea 
bags.  Shown is data from your personal farm. Take home message: The green tea decomposed more 
rapidly and to a greater extent (11-43% mass remaining depending on treatment) than the red 
tea (53-78% mass remaining depending on treatment). The SDI from your farm was 0.81 in the 
low productivity plot, 0.48 in the medium productivity plot, 0.34 in the high productivity plot, 
0.54 in the grazed plot, and 0.34 in the alfalfa.  The closer to 1, the more healthy the soil according 
to our index.  Interestingly, this indicates that the low productivity plot has healthier soil than the 
medium productivity plot, and that both of those have healthier soil than the high productivity 
plot.   
Conclusions 
 Overall, the Soil Decomposition Index (SDI) at 68 days did show an 11% increase with cover crops.  
The use of tea decomposition, and the Soil Decomposition Index, to assess soil health seems 
promising at this stage but more research is needed!  We would like to determine the best way to 
calculate the SDI.  For example, perhaps the rate of decomposition would be a better indicator.  Or maybe 
using the relative decomposition at 7 or 14 days, or less, would be just as effective as 68 days.  Therefore, 
there would be no need to collect as many data points, and over an extended period of time.  
Furthermore, we need to validate this method with other more traditional measures of soil health like 
soil microbial biomass, soil respiration, plant available nutrients, pH, etc… (which we did in 2017 and will 
do again in 2018). 
We will be conducting another round of studies this field season in 2018.  This will include more 
treatments that we expect to affect soil health, and more PFI cooperators whom would like to bury their 
own tea.  Please contact us if you are interested in participating again or know of someone else whom 
might be interested. 
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